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(54) Title: MEASUREMENT SYSTEM 
(57) Abstract 

A system fcnr monitoring the supply of 
a commodity (in particular, electricity) using 
a physical distribution system consisting of at 
least one input and a plurality of outputs and 
determining the deemed consumption of one 
at more outputs during a period. The sys- 
tem includes means to detemiine die overaU 
demand, that is the total commodity supplied 
into the netwMk, during an extended period, 
and the deemed consumption of outputs dur- 
ing the same extended period. The system fur- 
ther includes means to detemiine the deemed 
consumption during an extended period of a 
group of outputs without reference to the indi- 
vidual consumptions of those outputs. The sys- 
tem includes a means to apportion the deemed 
consumption of outputs, including groups of 
ou^uts, to sub-periods of the extwided pe- 
riod and to adjust the apportioned consumption 
without causing a cumulative error over die ex- 
tended period, such that the aggregate dewned 
consumption in any one sub-period equals the 
overall demand in diat sub-period. 




FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under die PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annaua 


FI 


Finland 


LT 




SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Aostialia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 
BB 


Bosnia and Hcizcgovina 
Baibaitos 


GB 
GH 


Geoisia 
Ghana 


MD 
MG 


Republic of Moldova 
Madagascar 


TG 
TJ 


Togo 
Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


Hie fiDoner Yugoslav 


TM 


Itekmenistan 


BF 


Bmldna Faso 


GR 


Greece 




Republic of Macedonia 


TR 


TUikey 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


VG 


Uganda 


BV 


•Bdanis 


IS 


Icelaitd 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


ML 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


SSmbabwe 


a 


Cfltc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Caba 


KZ 


Kazakstan 


RO 


Romania 






C2 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Gennany 


U 


Liecfatenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/05532 PCT/GB98/02186 

- I - 

Electricity, gas and many other commodities are generally provided on a per 
unit charge, where the unit of measurement depends upon the commodity in 
question, and some form of metering is generally used to measure the number of 
units consumed by the user, that is the consumer. 

Frequently, the cost to the consumer of the commodity can be simply 
calculated by multiplying the charge per unit by the number of units consumed. 
In addition to the per unit charge there may also be additional charges included 
fixed charges. 

For commodities such as electricity, consumers purchase the commodity from 
a retail company. The cost of the commodity to the consumer includes the cost 
of generating or producing the commodity and the cost of delivery. For 
example, in electricity supply a generating company produces the electricity that 
is delivered to the consumer by means of a physical network. In the case of 
electricity, generation and delivery are increasingly provided separately from the 
retail supply, that is the charging to the consumer. In such circumstances the 
retail company that provides the retail supply has a commercial relationship with 
the consumer, including billing the consumer for consumption, and the retail 
company then pays for the electricity on a wholesale basis. 

In some countries, competition has been introduced in the supply of 
commodities such as electricity. Such competition enables consumers to choose 
which retail company they wish to purchase the commodity from. In the case of 
electricity, there may be several generators, and each generator must be paid for 
the electricity that they produce. This involves a form of wholesale market or 
"pool" being established for the generation of the commodity, such that the 
wholesale price, that is the price paid to generators, is defined for finite 
periods of time, referred to herein as Accounting Periods, Generally, Accoun- 
ting Periods are relatively short periods of time, and are commonly half-hour or 
one hour periods. To determine the amount owed to a generator, it is necessary 
to determine the price to be paid to the generator and the quantity produced by 
the generator in the period in which the price is valid. In general this is 
achieved by using sophisticated metering at the generator to determine the quan- 
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tity produced in each Accounting Period. Such metering is capable of recording 
data for each Accounting Period and is referred to herein as interval metering. 

The amount owed to a generator may be payable by several retail companies 
in varying proportions. In order to determine a wholesale charge to the retail 
company, for either generation or delivery or a combination of generation and 
delivery, it is essential to know the price Cthat is, the applicable wholesale price), 
and the quantity of the commodity for which the retail company is responsible. 
Such wholesale charges to the retail company are referred to herein as the 
Supplier Charges. There are two prior art means of determining the Supplier 
Charge. 

The first means involves the use a suitable form of interval metering at 
consumers such that the consumers' individual consumption is recorded in each 
Accounting Period, This enables the Supplier Charge to be determined; it is 
then paid by the retail company. 

In this first prior art means, when determining the Supplier Charge, the 
values of the consumer's metered consumption are generally adjusted for an 
estimated value of loss from the physical distribution network. Adjustment for 
loss can be performed by multiplying the consumption by a estimated loss factor 
which will scale the consumption for an estimate of loss. Thus, for example, if 
5% of electricity is lost in delivery, then the loss factor could be 1,05 and the 
Supplier Charge will be determined by multiplying metered consumption by the 
loss factor and the price. 

A simple arrangement of this first means may be that a generator produces 
electricity which is metered at the generator on a half-hourly basis and the 
generator sets a half -hourly price. Interval metering is also installed at 

consumers. It is therefore possible to determine the total amount owed to the 
generator by multiplying the generators price by the half-hourly quantity of 
electricity produced. A charge to each retail company can be determined using 
the half-hour consumption of each retail companies' consumers multiplied by the 
corresponding price. 



The second means enables consumers to have relatively simply metering 
equipment that does, not record the consumption during individual Accounting 
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Periods. Rather, the metering equipment at the consumer can record the con- 
sumption during relatively long periods. 

Patent application? WO 95/26065 CPCT/GB95/00636) and WO 97/06442 
(PCT/GB96/01937) provide means to determine a value of consumption, the deemed 
consumption, in each Accounting Period irrespective of the metering used at the 
consumer. Such system? have become known as Profile Settlements, and the 
method of determining the deemed consumption has become known a? profiling. 
The value of Deemed Consumption may or may not, depending upon implementation, 
include an estimate for the losses resulting from the distribution of the 
commodity. If Deemed Consumption does include an estimate for losses, then it is 
achieved by a scalar loss factor as described above. Within Profile Settlements 
it is also possible to use interval metering at some consumers, particularly those 
consumers with a large consumption. 

During the first stage of Profile Settlements, the metered consumption for a 
consumer for a period, the Metered Period, is apportioned to the Accounting 
Periods within the Metered Period to provide a value of Deemed Consumption in 
each Accounting Period. For a particular consumer, the aggregate Deemed 
Consumption for all Accounting Periods in their Metered Period equals the 
metered consumption during that period. For example, a particular consumer 
may be metered over a one month period and the metered consumption for that 
metered period, that is to say the month, can be apportioned to half-hour periods 
such that in the month the sum of the half-hourly values of deemed consumption 
equals the metered consumption. The method of apportioning the consumption to 
Accounting Periods uses a profile consisting of a set of profile weightings, with 
one weighting per Accounting Period. Within Profile Settlements there may be a 
number of such profiles, each representing a type or class of consumption 
behaviour. The consumers sharing a particular profile are referred to herein 
as a profile class. 

Profile Settlements enables a Supplier Charge to be determined for an 
Accounting Period in respect to the consumption of a consumer or group of 
consumers. Using Interval Metering or Profile Settlements, it is therefore 
possible to determine a value of deemed consumption for each Accounting Period. 

As described above. Interval Metering frequently exists or can be installed 
at the source of the commodity. For electricity and other commodities, there is 
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a physical delivery means to supply the commodity to the consumer. In the case 
of electricity the delivery means consists of one or more distribution networks. 
On a national basis these distribution networks are sometimes connected to the 
generation locations by means of . a transmission network; that is, a higher 
capacity form of distribution network. Within this delivery means it is possible 
to arrange for a suitable form of Interval Metering to measure the amount of the 
commodity supplied into a defined part of the distribution and/or transmission 
network. This metering can be arranged to record the amount of the commodity 
during periods, for example during Accounting Period. Where there are 
multiple inputs to the defined part of the network, then each can be similarly 
metered. The metered part of the network will supply a plurality of consumers. 
Thus the total quantity, representing the consumption by the associated con- 
sumers, is known for each Accounting Period and is referred to herein as the 
Overall Demand. 

There are two main forms of Profile Settlements commonly referred to as 
Difference Profiling and Global Profiling. 

In Difference Profiling there is an incumbent or default retail company. 
Using interval metering or profiling, it is possible to determine a value of 
deemed consumption in each Accounting Period for all consumers supplied by 
retail companies other than the incumbent. These values of deemed consumption 
can be adjusted for loss, by multiplying the value of consumption by the 
estimated loss factor, and can be aggregated for each Accounting Period. In 
each Accounting Period the aggregate consumption can then be deducted from the 
Overall Demand and the remainder can be considered to be the consumption in 
each Accounting Period for all consumers supplied by the incumbent retail com- 
pany. 

Global Profiling on the other hand requires the interval metering or pro- 
filing to be used to determine a value of deemed consumption for all consumers 
for each Accounting Period. 

Global Profiling can be used to produce an aggregate value of consumption 
for all consumers for each Accounting Period. The prior art also includes 
means to then adjust the values of consumption such that in aggregate the 
consumption in each Accounting Period equals the Overall Demand. This method 
of adjustment is known as Compensation. 
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Compensation is achieved by a number of steps. First, the loss adjusted 
consumption in each Accounting Period that is measured using interval metering 
at consumers is subtracted from the Overall Demand, producing a Residual Demand. 
Then, using profiling, the aggregate deemed consumption for the Accounting 
Period is determined for those consumers without interval metering; this is 
referred to herein as the Profiled Demand. A Compensation Factor is produced 
for each Accounting Period by dividing the Residual Demand by the Profiled 
Demand. Each value of deemed consumption produced using profiling is then 
adjusted by multiplying it by the Compensation Factor. The result is an 
adjusted value of consumption whereby the aggregate of such values equals the 
value of Residual Demand. 

The result of the prior art method of compensation is that the sum of 
interval metered consumption and adjusted Profiled Demand equals the Overall 
Demand. However, for an individual consumer (or group of consumers) the sum 
of their adjusted profiled demand during their metered period will generally not 
equal their metered consumption. This difference is referred to herein as the 
volume error. The retail company will he paying generators for a quantity of 
consumption that does not equal the metered consumption of the consumers that 
they supply. However, overall the generators will be paid for the correct total 
quantity because compensation has ensured that Profile Settlements is balanced in 
each Accounting Period; that is. the aggregate of the Supplier Charges for 
generation equals the amount owed to generators. 

Difference Profiling does not require the metered consumption of all consu- 
mers to be apportioned to Accounting Periods. It is therefore somewhat simpler 
to implement and operate than Global Profiling, which requires consumption data 
for all consumers. However, the method of apportionment used in profiling 
inherently contains significant errors, and when using Difference Profiling, the 
incumbent retail company is exposed to the aggregate of these errors. There is 
therefore a trade-off with prior art methods between complexity and the magni- 
tude of errors. 

The prior art methods of determining supplier charges, using interval 
metering or profiling, generally use a further system commonly referred to as 
the Registration system. The Registration system provides a record of 

consumers. For the purpose of Profile Settlements the Registration system may 
contain data regarding each consumer including identifiers for the consumer's 
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retailer, the profile to be used to apportion the consumer's consumption and the 
loss factor to be used. The Registration system can be implemented using a 
microprocessor based system and the data stored in memory. The data can be 



illustrated 


as 


a table as shown belo«t: 








1 Retailer 1 Profile 


1 Line-loss factor 






1 identifier 1 identifier 


1 identifier 


Consumer 


1 


1 1 
1 1 




Consumer 


2 


1 1 
1 1 




Consumer 


3 


t 1 
1 1 




Consumer 


4 


1 1 
1 1 




Consumer 


5 


1 1 
1 1 




1 1 1 
1 1 1 



Table I 



The prior art methods of determining supplier charges generally include a 
means of adjusting consumption to include an estimate of losses. This adjust- 
ment is achieved by using a scalar multiplier, loss factor, which may be a func- 
tion of time. However, the equipment used, for example, within the electricity 
distribution network is comprehensively tested to measure its properties inclu- 
ding losses and such test results are widely available. Similarly the properties 
of the cables used for electricity distribution have been characterized and are 
widely known. 

The present invention relates to means to improve the technical operation 
and accuracy of the second prior art means, namely Profile Settlements. 



According to one aspect of the invention there is provided a method of 
monitoring a network used to supply a commodity to consumers, the network 
having at least one input supply connection and a plurality of output supply 
connections, referred to herein as consumers, the method comprising: 

determining the difference between two consumption values, referred to herein as 
the First Consumption and the Second Consumption, where both consumption 
values relate to the same period, the First Consumption being dependent on the 
total quantity of the commodity supplied into the network and the Second 
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Consumption being derived from the consumption during the period of at least 
one consumer; and 

determining the amount of consumption during a sub-period using a profile, 
consisting of a set of weightings defining the relative apportionment between 
sub-periods, and the difference between the First Consumption and the Second 
Consumption. 

According to another aspect of the invention there is provided a method of 
monitoring a network used to supply a commodity to consumers, the network 
having one or more input supply connections and output supply connections, 
referred to herein as consumers, including the metered supply, the method com- 
prising: 

using data obtained from metering located at input connections to determine the 
total quantity of the commodity supplied into the network during a period, the 
overall demand; 

using combinations of metering and apportioning consumption using profiling to 
determine the consumption during the period for one or more consumers or 
groups thereof; 

determining the total consumption of one or more consumers during the period 
and subtracting the total consumption from the overall demand; and 
using the aggregate result of the subtraction over an extended period to 
determine the overall error between overall demand and total consumption. 

The preferred form of the present invention provides: 

1 means of determining the collective consumption of a group of one or more 
consumers without using the individual consumption of those consumers 

2 means of determining a value of actual losses from the distribution network 
during a period of time and means of adjusting values of Deemed Consump- 
tion for the actual loss; and 

3 means of adjustment that does not result in the volume errors, referred to 
above. 

An electricity measurement system embodying the invention will now be 
described, by way of example, with reference to the drawings, in which: 

Fig. I is a simplified block diagram of a section of an electricity supply 
network; 
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Fig. 2 is a flow diagram of the operation of the measurement system; and 
Figs. 3 and 4 are block diagrams of parts of the system. 

Before describing the system, in detail, the principles on which it operates 
will be described. 

Metering can be used to assess the losses within a particular section of 
distribution networks For example, all inputs and outputs to a section may be 
metered using interval metering, and the difference will be the network loss. 
Such measurement can be used to estimate the loss in similar networks under 
particular conditions, Also, as noted above, data is available regarding the 
characteristics of equipment used in networks, In the case of electricity 

distribution, the losses from a network are largely dependant upon the design 
and construction of the network, the total demand, and temperature, Using the 
available data and knowledge, a function can be derived for total loss dependent 
upon total demand, and this function provides a method of estimating total loss, 
For example, the function may be expressed based upon the characterization of 
the various elements of the network, Thus the losses from cable can be a 
function of overall demand, the cable types, the length of cable, and whether the 
cables run in parallel (thereby reducing the power supplied through each). The 
losses from transformers and other equipment can be a function of demand and 
the number of transformers. 

Where the data or knowledge associated with a particular section of network 
is insufficient to determine an accurate function to define total loss, and where 
there are no comparable networks, the function can simply be based upon estima- 
ted loss factors and aggregate or relative consumption attributable to each loss 
factor. 

Using the prior art, it is possible to determine the Overall Demand, also 
referred to herein as O, and using interval metering or profiling it is possible 
to determine a value of deemed consumption for each consumer for an Accounting 
Period. Such values of deemed consumption also being referred to herein as C, 

The Total Consumption is determined for each Accounting Period by aggre- 
gating the deemed consumption during the Accounting Period of all consumers, 
Thus: 

Total Consumption = ZC 
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However, for the purpose of determining Total Consumption the present system 
can exclude, or mask, the consumption of some consumers, referred to herein as 
the Excluded Consumers. 

Table 2 below is used to illustrate an implementation of the present system 
using a suitable microprocessor based system. For example, a daily value of 
deemed consumption can be determined for each consumer using interval metering 
or profiling. This data can be recorded, say. in the form of a table in the 
memory of a microprocessor based system. 

The example illustrated in this table is based upon an Extended Period of a 
week. Whilst data may be recorded on. say. a daily basis, the system may further 
apportion this using profiling to Accounting Periods that are shorter, for 
example half-hourly. 



Week 







1 Day 1 


1 Dav 2 


Dav 3 1 Dav 4 


1 Dav 5 


Dav 6 


1 Dav 7 


Total 


Consumer 


1 








1 

1 




I 


1 


Consumer 


2 








1 

1 






1 

1 




3 








1 

1 






1 

1 


1 1 I 1 1 1 1 ' 


Consumer 


5 








1 

1 






1 

1 




6 








1 

1 






1 

1 


Overall I 1 1 1 1 • j j 
Demand _! I ! ! ! ' ■ ' ^ 



Table Z 



Patent application WO 97/06442 provides various technical benefits by using 
rate of consumption data for the purpose of Profile Settlements. The present 
system can utilize rates of consumption as a means of achieving technical 
benefits and efficiency within the implementation of the system. For example, 
the rate of consumption can be stored on a daily basis and such values can be 
aggregated as described in WO 97/06442. The aggregate rate of consumption 
can then be used to produce deemed consumption for one or more consumers. 
The description herein of the present invention is based upon using values of 
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deemed consumption. However, ell of the prior art methods of profiling can be 
utilized where appropriate including using rates of consumption. 

The system may not contain., data relating to any Excluded Consumers and 
they will therefore be ignored as far as the present system is concerned. For 
example, in the above illustration there may be a Consumer 7 which is an 
Excluded Consumer and is therefore not included within the system. Alterna- 
tively the system may contain data relating to some or all Excluded Consumers and 
the consumption of these Excluded Consumers will be ignored, or masked, when 
determining the Total Consumption. This can be achieved, for example, by 
extending the Registration System to include data to indicate whether or not a 
particular consumer is an Excluded Consumer. The present system then aggre- 
gates deemed consumption during the Extended Period for all consumers other 
than Excluded Consumers. 

Rather than, or in addition to. modifying the Registration system, the 
present system can simply mask the deemed consumption of Excluded Consumers 
for those periods that they were Excluded Consumers. This enables the consu- 
mers to chenge retailer, which may affect whether or not they are an Excluded 
Consumer. Thus, in Table 2 deemed consumption would be masked or set to 0 
for those periods when a consumer was an Excluded Consumer. The Registration 
system may then be modified to include daU to indicate whether each consumer is 
an Excluded Consumer at the current time. Alternatively it may be possible to 
derive this from existing information such as information regarding each consu- 
mer s retailer, profile, and metering arrangements. The system can then record 
each consumer's status, that is whether or not they were an Excluded Consumer, 
in a table having similar structure to Table 2. Alternatively, Table 2 can 
record both status and deemed consumption. 

The system also produces Group Demand, also referred to herein as G. by 
aggregating consumption for a defined group of consumers. For example, a 
group referred to as «• can be defined and the deemed consumption during an 
Accounting Period of consumers in group g aggregated. The Group Demand in 
the Ah Accounting Period can be expressed as: 



where Cij is tht oeemed consumption during the ith Accounting Period for 
consumer j and where the summation is performed for all consumers in group g. 
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This can be extended such that part of a particular consumer's consumption 
is included within Group Demand rather than the whole. Thus a value can be 
defined within the system, herein referred to as P, that is the fraction of C. the 
deemed consumption, that is used tot produce a particular value of Group Demand. 
P could, for example, be 0.5. Group Demand, for gro^P S. can then be 
expressed as: / v 

Gf=Z(q,xP» (3) 

Note that a plurality of different, possibly overlapping, groups can be 
defined in the present system and Group Demand determined for each. In all of 
the above methods, deemed consumption can be an adjusted value including an 
estimated value of loss. In such circumstances the deemed consumption equals 
the unadjusted consumption multiplied by the appropriate loss factor. 

Rather than solely considering Accounting Periods, the present system pro- 
vides various technical advantages compared to the prior art by also considering 
Extended Periods, for example weeks or months. Overall Demand and Total Con- 
sumption can be determined for the same period and the difference, referred to 
herein as the Remaining Consumption, determined. The present system can 
determine the Remaining Consumption both for Accounting Periods and for 
Extended Periods. 

The first part of the present system provides a method of achieving much 
of technical and operational simplicity of Difference Profiling whilst removing 
the main errors inherent in Difference Profiling, such that the system is compa- 
rable to Global Profiling in terms of accuracy. This is achieved by determining 
the Supplier Charge for the consumption of the Excluded Consumers on a collec- 
tive basis rather than using their individual consumption. 

Global Profiling would require all consumption to be used within Profile 
Settlements. The present system excludes some consumers, that is the Excluded 
Consumers, from Total Consumption, determines Remaining Consumption for an 
Extended Period and then determines the collective consumption of the Excluded 
Consumers, referred to herein as the Excluded Consumption, using the Remaining 
Consumption, 

The present system includes two methods of determining the Excluded Con- 
sumption, 
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First, the system uses the aggregate Remaining Consumption during the 
Extended Period as the Excluded Consumption, and in the preferred embodiment 
the Total Consumption is producing using loss adjusted values of deemed con- 
sumption. Using this method, the .Excluded Consumption is the deemed Consump- 
tion for the Excluded Consumers, and inherently a portion of the Excluded 
Consumption represents loss. A ratio can be defined to determine what portion 
of Excluded Consumption is loss and what portion is consumption by consumers. 
Thus, if the ratio is 1:19, or 0.05, the loss would be regarded as 5% of the 
Excluded Consumption and the actual consumption would be 95X. 

Second, the Totel Loss is determined using a function of Overall Demand, 
and the Excluded Consumption determined by subtracting Total Loss and Total 
Consumption from Overall Demand. In the second method. Total Consumption for 
the purpose of determining Excluded Consumption should not include estimates of 
loss. If the second method is used to determine Excluded Consumption, then, 
once Excluded Consumption has been determined, an estimated value of loss can be 
added to the Excluded Consumption and the deemed consumption for other consu- 
mers. Such loss adjustment could, for example, use a scalar loss factor. 

Thus, using Table 2, the consumption of Consumer 1 to Consumer 4 inclu- 
sive may be used in Profile Settlements and Consumer 5 and Consumer 6, say, are 
Excluded Consumers. Using extended periods of. say. one week, the aggregate 
Overall Demand. Total Consumption - that is the loss adjusted consumption of 
Consumers 1 to 4 - and Remaining Consumption are determined. The Remaining 
Consumption for the Extended Period is then used as the collective consumption 
during the extended period of Consumer 5 and Consumer 6 - the Excluded 
Consumers. Using the alternative method, the Total Consumption excluding loss 
and the total loss are determined and subtracted from Overall Demand during the 
Extended Period. The result is the consumption of the Excluded Consumers, 
which can. if appropriate, be adjusted to include an estimate of loss, for example 
using a loss factor, in order to produce Excluded Consumption. 

Using a profile for the Excluded Consumers together with the Excluded 
Consumption enables a deemed consumption to be produced for them collectively 
for each Accounting Period. The system does not require data for the 
individual consumption of the Excluded Consumers. By dealing with the Excluded 
Consumers collectively, the system achieves significant technical and operation 
efficiencies. If the Excluded Consumption during the Extended Period does not 
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include loss, then the apportioned consumption in each Accounting Period can be 
adjusted for using a loss factor. 

Determining and using Excluded Consumption during an Extended Period to 
represent the collective consumption of the Excluded Consumers significantly 
reduces the technical and operation complexity of Profile Settlements. It is 
convenient for the Excluded Consumers to be all of those consumers supplied by 
one retailer, particularly the dominant retailer. Additionally the Excluded 

Consumers may be limited to those consumers allocated with a particular profile 
or those having a particular combination of profile and metering arrangements. 

If all Excluded Consumers belong to a single profile class- that is. if they 
are all allocated to the same profile in Global Profiling - then the profile used 
to apportion Excluded Consumption can be the profile that would be used to 
apportion eacl. consumers' individual consumption. This may be defined in the 
Registration system. If the Excluded Consumers are consumers that would be 
allocated a variety of different profiles, then a single composite profile can be 
produced for the Excluded Consumers collectively by a variety of means 
including: 

1 metering one or more sections of distribution network that each or collec- 
tively supply the Excluded Consumers or a similar group of consumers and 
deriving the profile from the resulting metered data; or 

2 load research and/or statistical sampling in order to construct an appro- 
priate profile; or 

3 identifying the different profile classes within the group of Excluded 
Consumers (for example by reference to the Registration system), estimating 
the relative consumption of each class during the Extended Period, and 
producing the composite profile as the weighted average of the profiles 
associated with each profile class; or 

4 any combination of the above. 

Different Excluded Consumers may be in different profile classes. Also, 
whether or not a particular consumer is an Excluded Consumer may depend upon 
dynamic factors such as which company is their retailer. Thus, the number of 
Excluded Consumers may vary, say. day-to-day, and whether a particular consumer 
is an Excluded Consumer may vary. 
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If profiles are expressed as a set of profile weightings, W. where Wi.p is 
the weighting for the ith Accounting Period for profile p, and a profile is 
available for each profile class then the profile used to apportion the Excluded 
Consumption can be produced by the present system using this information. For 
example, a value E can be defined for a period for each Excluded Consumer and 
the profile weighting for the Ah Accounting Period determined using 

Excluded Consumer profile weighting = 2 

I 



C4) 



where the summatiofi "5^er j=x da^rSines the aggregate value of E for all 
consumers in profile class p and the overall summation is for all values of p. 
that is for all profile classes. The values of E can be 1 or they can be a 
relative estimate of each consumer's consumption or a relative estimate of class 
average consumption. 

The summation in the denominator determines the aggregate profile weight- 
ing for profile p during the period of E. Thus if E is recorded for each 
Excluded Consumer per day, then the summation would be over the day containing 
the ith Accounting Period. Conveniently E can be determined by recording in 
Table 2 an estimate of deemed consumption for Excluded Consumers, which is 
masked when determining Total Consumption, and using the estimate of deemed 
consumption as E. This can be implemented, for example, by the system inclu- 
ding data to specify whether each cell in Table 2 is a value of deemed consump- 
tion for a non Excluded Consumer or whether the consumer is an Excluded Con- 
sumer and whether the data in the cell is a value for E. 

The system will produce the Excluded Consumption for the Extended Period, 
from which it can determine the Excluded Consumption in an sub-period, inclu- 
ding Accounting Periods, using the profile for the Excluded Consumers to appor- 
tion the consumption to Accounting Periods. If all Excluded Consumers are sup- 
plied by a single retailer, then a Supplier charge can then be determined using 
this collective value of consumption and the relevant price. 

The apportionment is performed by multiplying the Excluded Consumption by 
the Excluded Consumer's Profile Weighting for an Accounting Period and dividing 
by the aggregate weighting for the Extended Period. 
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The Excluded Consumption can be sub-divided into a number of parts, for 
example between a plurality of retailers. The division can be based on the 
relative consumption of each part. Thus, the Excluded Consumption can be 
divided between retailers on the .basis of the aggregate value of E for the 
Excluded Consumers that each retailer supplies. This can be perf ormeifor each 
Accounting Period, or for the Extended Period as a whole prior to apportioning 
the consumption to the Accounting Periods. 

When using profiling, it is not possible to measure the loss from the dis- 
tribution network by considering a particular Accounting Period. Also, the fact 
that the metered periods for different consumers vary considerably means that it 
is not possible to measure the loss in a metered period common to all consumers. 

In the case of electricity, errors within Profile Settlements include: 

1 errors in the estimate of electrical losses from the network, 

2 theft, 

3 metering errors, 

4 errors in the apportionment of consumption to Accounting Periods, 

5 errors caused by the time of meter readings being rounded or approximated, 

6 errors in the synchronisation of meters, and 

7 errors resulting from the fact that, with simple metering, different 
consumers will have different metered periods- 

The present system determines a value, referred to herein as Measured Loss, 
which is an estimate of the difference between the actual loss and the estimate of 
loss already included in values of deemed consumption. It should be noted that 
if the consumption of a group of consumers is estimated by whatever means out- 
side the present system, for example by using the cumulative quantity of the com- 
modity that the retailer charges to the consumers that they supply in a parti- 
cular profile class, then that group of consumers are not considered by the pre- 
sent system to be Excluded Consumers. Rather the group would be dealt with as 
a single consumer for which metered consumption is provided. 



Over an extended period, for example a week or a month, the above errors 
will tend to cancel with the exception of errors 1 to 3. However, error 3, that 
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is metering errors, will tend to cancel over a large number of consumers unless 
there is a consistent bias in the metering. 

The Measured Loss is the difference during an Extended Period between 
Overall Demand and the aggregate deemed consumption for all consumers including 
Excluded Consumers. The Actual Loss during the Extended Period is the 
Measured Loss plus any estimate of loss included in values of deemed consump- 
tion. If there are no Excluded Consumers, then the Measured Loss will equal the 
Remaining Consumption. 

As already stated, a function of Overall Demand can also be used to estimate 
overall loss. For an extended period, the overall loss determined using such a 
method will be an estimate. It can therefore be compared to the Actual Loss 
during the Extended Period and used to estimate the actual overall loss in an 
Accounting Period using: ^ 



Actual Overall Loss, = f(Oi) x 



(5) 

where ML is the Measured Loss during an Extended Period, EL is the estimated 
loss included in deemed consumption, f<Oi) is the function of Overall Demand in 
the Ah Accounting Period, and both summations are over the Extended Period. 

The present system enables the Actual Loss to be accounted for within the 
system by any combination of two methods. First, loss can be apportioned to 
one or more virtual consumers. Second, loss can be apportioned between a 
defined group of consumers. 

The function of Overall Demand, f(0), can be regarded as a profile defining 
the apportionment of loss between Accounting Period. Thus, a profile, for 
example derived from the function of Overall Demand, can be used to apportion 
actual loss or measured loss to Accounting Periods. A profile to apportion 
Measured Loss may be positive or negative in any period; that is, the profile may 
reflect the fact that the initial adjustment for loss may have over estimated the 
loss. For example, the profile weighting in an Accounting Period for such a 
profile can be determined using: 



X(ml,+el,) 



(6) 
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Loss can be regarded within the present system as consumption by one or 
more virtual consumers. Thus Table 2 can be extended to include a virtual 



consumer 


representing 


some or 


all of 


actual loss as shown below. 








1 Day 1 


1 Day 2 


! Day 


3 1 Day 4 I Day 5 1 Day 6 


Day 7 


Week 
Total 


Consumer 


1 1 


1 

1 




1 1 1 
lit 






Consumer 


2 1 


1 

1 




1 1 t 
t 1 1 






Consumer 


3 ! 


1 

1 




t 1 1 
111 






Consumer 


4 1 


1 

1 




1 1 1 
! 1 1 






Consumer 


5 1 


1 

1 




1 1 i 
1 1 t 






Conaumer 


6 1 


1 

1 




1 1 1 
1 1 1 






Virtual | 1 1 1 1 1 [ j 
Consumer ! ! ! 1 ! ! ■ 


Overall | 1 1 1 1 ' • 

Demand \ \ 1 1 ! 1 — ' ' 



Table 3 

The Virtual consumer's consumption in the Extended Period will be all or 
part of the Actual Loss for the Extended Period and, for example, may be the 
Measured Loss or that portion, if any, of the Actual Loss above a defined level. 
Its consumption in each sub period will be the amount apportioned asking the 
appropriate profile. The present system supports multiple virtual consumers. 

Alternatively, the virtual consumer's consumption can be determined in each 
Accounting Period. For example, the virtual consumer's consumption can be that 
portion of actual overall loss in the Accounting Period above a defined level. 
That level may be a constant or may be a function of certain variables including 
demand and time- 



A charge can be determined for the virtual consumer's consumption. If a 
company, for example the company owning the distribution network, is responsible 
for the efficiency of the delivery, then they may pay this charge. Thus, they 
may be charged for all or part of the Measured Loss. For example, a permitted 
value of loss can be defined as a function of certain variables including demand, 
the actual loss in the same period compared to the permitted loss, and, if actual 
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loss is greater than the permitted loss, the difference may be charged, say, to 
the distribution network owner. 

Alternatively, the system can .determine a charge to a retail company based 
upon a virtual consumer's consumption. Thus the difference between the actual 
overall loss in an Accounting Period and the estimated loss already included in 
values of deemed consumption may be apportioned, either in whole or in part, 
between retailers in proportion to, say, their consumers' consumption or the 
number of consumers supplied. 

These methods may be combined. For example, the consumption of a virtual 
consumer may be determined, say, using the amount of actual loss in each 
Accounting Period above a threshold, and the remainder of the loss that is not 
already included in deemed consumption may then be apportioned between retail 
companies as described above. Thus the amount of loss so apportioned will be 
the actual overall loss minus loss included in deemed consumption include the 
consumption of Excluded Consumers and Virtual Consumers. 

Alternatively, the present systems includes a method of adjustment to adjust 
the deemed consumption of one or more consumers. A group can be defined 
such that the corresponding value of Group Demand is the consumption that 
should be adjusted by the system. The present system can perform that 
adjustment either for each Accounting Period or over the Extended Period. 

The present system determines a Loss Value, also referred to herein as V. 
In the preferred embodiment the Loss Value is the difference between the actual 
overall loss and the aggregate loss included in the deemed consumption of all 
consumers, including the loss attributed to virtual consumers and loss charged to 
retailers and others. 

The Loss Value can be determined for each Accounting Period or it can be 
determined for an Extended Period and a suitable profile used to apportion it to 
Accounting Periods. In each Accounting Period, the deemed consumption consti- 
tuting the Group Demand can then be adjusted in aggregate by an amount equal 
to the apportioned Loss Value. For example, for a consumer v. 



C7) 
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or alternatively 

Vix(CuxPg,x(L,,-l)) 



Adjustment = - 



2:(c,,xP«x(l.j-i)) 



C8> 



where Vi is the Loss Value in the fth Accounting Period. These adjustments are 
added to the consumer's deemed consumption. 

The adjustment can also be determined using the Loss Value for the 
Extended Period. This is achieved, for example, by adding to the consumer's 
consumption in each Accounting Period within the Extended Period, for example 
the ith period, a value equal to the consumer's deemed consumption in the 
Accounting Period multiplied by the Loss Value and divided by Group Demand for 
the Extended Period. This can be expressed as: / v 

VxICi^xPM 

Loss Corrected Consumfrtion = Cj^ + — 



where e is the Extended~Period, g is the group defining the consumption to be 
adjusted, x is an index for the individual consumer, and C is the deemed con- 
sumption. If the Total Consumption is determined using loss adjusted consump- 
tion, then in equation 9 the three uses of deemed consumption are similarly 
adjusted for loss. 

Alternatively: V X X Pj^ X (l,^ - l) 

Loss Corrected Consumption = C,^, + — -? r- 

SS(c..xPj3-(ki-i)) ''''' 

Since the Loss Value and the denominator are common to all consumers, an 
implementation can achieve some optimization by determining a Loss Adjustment 
Factor for each Extended Period by dividing the Loss Value by the denominator 
in equations 9 or 10. The method of determining each value of Loss Corrected 
Consumption can then be simplified to utilise the common Loss Adjustment Factor. 

The method of adjustment can be modified to apportion the Loss Value in a 
manner other than that defined by the consumers deemed consumption. For 
example, as described above, research and test data may be available for the 
losses incurred in the electricity distribution network and this data may include 
characterization of the equipment, such as transformers and cable, used in the 
distribution network. From this data, it is possible to determine the relative 
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loss from the network as a function of overall demand and other factors (for 
example temperature) rather than as a function of consumer's deemed consumption 
alone. For example, equation 9 can then be modified ^*^*Vx^^C xP* j 

Loss Corrected Consumption = C^^ + — -r^ ^ ^ u 

sli!^'^')J 

where f(i> is a function that when summed over the Extended Period should be 
unity. Equation 10 can be similarly modified. The numerator in the equation 
can also be modified so that consumers do not sim&ly incur a responsibility for 
the Loss Value in proportion to their consumption. This can be generalized as: 

Loss Corrected Consumption = Ci,x + f<V,C,G) x fCi) ^12) 
where fCV,C,G) is a function of the Loss Value, the consumer's consumption and 
the(Jroup Demand. 

A benefit of equations 9, 10 and 11 is that Loss Corrected Consumption can 
be determined for each consumer and the definition of the group, used to deter- 
mine the values of P, will determine whether an actual adjustment is made to the 
deemed consumption. 

Using the various methods describes thus far results in the aggregate of 
all consumption including loss adjustment and correction during the Extended 
Period being equal to the Overall Demand during the period. 

However, the above methods of using Remaining Consumption do not result 
in a situation where the aggregate consumption for all consumers, including any 
Excluded Consumers, in a single Accounting Period equals the Overall Demand for 
that period. The present system therefore includes means to further adjust the 
values of profiled consumption. 

The present system determines the Period Error for an Accounting Period 
by subtracting the aggregate consumption including loss of all consumers, inclu- 
ding any Excluded Consumers, from the Overall Demand. The aggregate of the 
Period Error during the above Extended Period should be 0 if the above methods 
have been used. If it is not 0 then the aggregate value of Period Error can be 
considered to be the consumption during the Extended Period of a virtual 
consumer and dealt with as already described. The Period Error can then be 
recalculated for each Accounting Period and in aggregate will be 0 during the 
Extended Period. 
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The present system includes a method of two-stage error adjustment. The 
first stage includes means to produce an Initial Adjustment Factor for an 
Accounting Period by dividing the Period Error by Group Demand. The con- 
sumption constituting the Group Demand is then multiplied by the Initial Adjust- 
ment Factor to determine the adjustment which is then added to the consumption. 
Thus adjusted consumption, Ca, is; 

Cai,, = Ci,x X Ct + lAFxPi,,,) (13) 
If P is 1. then the multiplier CI + lAF x P> can be determined by dividing the 
sum of Period Error plus Group Demand by Group Demand. 



The Group Demand is produced using the same consumption data as that 
used to determine the Period Error. The Group Demand may also include the 
Remaining Consumption or part thereof, for example where there are Excluded 
Consumers. Thus where there is Excluded Consumption, a value of P can be 
defined for the Excluded Consumption, 

This first stage of error adjustment results in the same problem as the 
prior art means of compensation, namely that adjusted consumption for an indivi- 
dual consumer no longer represents their metered consumption. However, the 
second stage of adjustment includes means to determine and correct the volume 
error. 



The method of determining the volume error considers an extended period 
of time, for example a day, week or month, referred to herein as the Compensa- 
tion Period. The Compensation Period may not be a continuous period. There 
is no requirement that the Extended Periods used to determine loss should equate 
to Compensation Periods; however, it may be practical in a particular implementa- 
tion for this to be so, and there would be technical benefits. 

The volume error that would be caused by the first stage of adjustment can 
be determined using the equation: 

2(Ci.xIAF3xpJ 

- > , . (14) 

A credit or charge can be determined using the Error and a price, for example a 
weighted average of the prices during the Compensation Period. Alternatively, 
the adjusted consumption during the Compensation Period following the first 
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stage of adjustment can be further adjusted by an amount equal to the Error - 
this is the second stage of adjustment. 

The consumption during the Compensation Period can be adjusted by an 
amount equal to the Error by using a profile to apportion the Error to Accoun- 
ting Periods and subtracting the apportioned amount from the adjusted consump- 
tion in the period. Thus, the consumption after both stages of adjustment, 

referred to as K, is expressed as: _ 

K -Ca 

i^u-^u Yep. 

^ ^ (15) 



where EP represents the weightings for the profile, the Error Profile, used to 
apportion the error. 

If the same Error Profile is used for all consumers, then the system will 
remain balanced both within Accounting Period and, if the Compensation Period 
equals the Extended Period, during the Compensation Period. One method of 
producing an Error Profile for all consumers is for the Error Profile to equal 
Group Demand or a normalised version Group Demand. Alternatively: 

f \ 

ErrofjXWi 



J 



V 



(16) 



cp 

where W is the profile weighting for consumer j, the overall summation is over 
all consumers, and the denominator is the summation of the profile weightings 
over the Compensation Period, cp. In equation 16 Error will be 0 for those 
consumers not within the group whose consumption was used to determine Group 
Demand, that is where P is 0. 

Where one or more consumers do not have continuous consumption during 
the Compensation Period, or where consumption is recorded in a plurality of 
registers, then the Error Profile weighting in an Accounting Period can be 0 
where no consumption occurred. Similarly, for a particular consumer, the 
Compensation Period may encompass a plurality of metered periods and the Error 
Profile weightings for that consumer can t>e adjusted to reflect their relative 
consumption during each metered period. The present system may also use dif- 
ferent Compensation Periods for different consumers. 
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If the Error for one or more consumers is apportioned using one or more 
Error Profiles, then the agsregate of the adjustments made can Be used to pro- 
duce the error profile for other consumers. The aggregate of the adjustments 
in an Accounting Period is express.ed By the sum of: 

Enxw; x EP, 

Zep, '''' 

Cm 

This method can Be used iteratively. 

Referring now to Fig. I, a section of an electricity supply network is 
shown, consisting of transformer suBstations T and caBling connecting a plurality 
of metered inputs to consumers shown in the diagram as numBered Boxes. This 
section of network is monitored using appropriate metering. 

Fig. 2 is a flow chart of the operation of the present system, emBodying all 
of the methods descriBed aBove. The Overall Demand is determined using 
Interval metering at inputs to the network. Consumer consumption is determined 
using interval metering at consumers, profiling, or a comBination of Both. For 
example, a taBle such as shown in TaBle 2 can Be used in a microprocessor Based 
system to record the consumption for each consumer except those consumers 
where interval metering is used. Such data can Be recorded for say daily 
periods. The taBle, or a taBle having similar structure, can also record whether 
consumers re Excluded Consumers. 

Alternatively, the system descriBed in WO 97/06442 provides methods of 
using rates of consumption that can Be used within the present system to provide 
further benefit. Such a system will record the rate of consumption in the taBle 
and enable data for several consumers to Be aggregated prior to converting the 
aggregate to an aggregate value of consumption. The rate of consumption is 
determined for a consumer By dividing their metered consumption By the 
aggregate of the profile weighting during their metered period, and this rate of 
consumption is recorded for each period in the metered period. A rate of 
consumption, or aggregate rate of consumption, is then converted into a value of 
consumption By multiplying it By the profile weighting in the period. 

Having used metering and profiling to produce Overall Demand and deemed 
consumption, the Overall Demand is determined for the Extended Period. The 



wo 99/05532 



PCT/GB98/02186 



- 24 - 



demand consumption of consumers other than Excluded Consumers is also deter- 
mined for the Extended Period. 

The operation of the present system is then dependent on whether there are 
Excluded Consumers and, if so, the method by which the Excluded Consumption is 
determined. Using the first method, the total consumption includes an estimate 
of loss, and the Excluded Consumption is the Overall Demand for the Extended 
Period minus the total consumption for the Extended Period. Using the alter- 
native method, the total consumption does not include an estimate of loss, and the 
Excluded Consumption is the Overall Demand for the Extended Period minus the 
total consumption for the Extended Period and the estimated overall network loss. 

Once the Excluded Consumption has been determined, it can be apportioned 
to the Accounting Periods using the appropriate profile, for example derived 
using equation 4. If the alternative method is used or if there are no Excluded 
Consumers, then the Measured Loss is determined and the loss apportioned either 
to virtual consumers or by correcting values of consumption, for example using 
equations 7 to 12. 

The system then measures the Period Error and performs the first stage of 
adjustment. The volume error is then measured and the consumption further 
adjusted for the Error, for example using equation 15. 

The initial parts of the system are shown in Fig. 3. Interval metering by 
unit means 100 located at inputs to the network is used to measure the volume 
supplied into the network during each Accounting Period. This data is used to 
produce Overall Demand, which is recorded in unit means 200. Unit means 300 
aggregate Overall Demand data to provide the Overall Demand for an Extended 
Period. 

Metering by unit means 101 is used at consumers, and the metered data is 
used to record consumption or rate of consumption for each consumer in unit 
means 201. Unit means 301 produce the total consumption for the Extended 
Period, 

Unit 302 determines the Excluded Consumption using either of the methods 
described above. Where the alternative method is used, the unit 302 may use 



wo 99/05532 



PCT/GB98/02186 



- 25 - 



Overall Demand data recorded in unit means 200 to produce the amount of overall 
loss. 

The Excluded Consumer Profile is derived by unit 303, for example using 
equation 4, and unit 304 apportions the Excluded Consumption to Accounting 
Period using the profile. 

Fig. 4 shows the parts of the system for adjusting consumption. Unit 305 
records the deemed consumption for consumers, or groups of consumers, in each 
Accounting Period. Unit 309 defines a group of consumers and the associated 
values of P. Unit 308 produces the group demand using the information from 
unit 309 together with the deemed consumption from unit 305. Unit 306 deter- 
mines the period error for each Accounting Period, Unit 307 then produces the 
initial adjustment factor by dividing the period error from unit 306 by the 
group demand from unit 308, 

Unit 310 multiplies the initial adjustment factor from unit 307 by the values 
of P from unit 310. Together with deemed consumption from unit 305, this is 
used by unit 311 to produce the adjusted consumption, Ca. 

Unit 312 determines the volume error during a Compensation Period, for 
example by using equation 14 or by measuring the difference between deemed 
donsumption from unit 305 and the adjusted consumption from unit 311. Unit 
313 produces the final consumption using equation 15 together with the appro- 
priate error profile. 

In summary, the system monitors the supply of electricity using a physical 
distribution system consisting of at least one input and a plurality of outputs 
and determining the deemed consumption of one or more outputs during a period. 
The the overall demand, that is the total commodity supplied into the network, 
during an extended period, and the deemed consumption of outputs during the 
same extended period, are determined. The system further determines the deemed 
consumption during an extended period of a group of outputs without reference 
to the individual consumptions of those outputs. The system apportions the 
deemed consumption of outputs, including groups of outputs, to sub-periods of 
the extended period and adjusts the apportioned consumption without causing a 
cumulative error over the extended period, such that the aggregate deemed con- 
sumption in any one sub-period equals the overall demand in that sub-period. 
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1 A method of monitoring a network used to supply a commodity to consumers, 
the network having at least one input supply connection and a plurality of out- 
put supply connections, referred to herein as consumers, the method comprising: 

determining the difference Between two consumption values, referred to herein as 
the First Consumption and the Second Consumption, where Both consumption 
values relate to the same period, the First Consumption Being dependent on the 
total quantity of the commodity supplied into the network and the Second 
Consumption Being derived from the consumption during the period of at least 
one consumer; and 

determining the amount of consumption during a suB-period using a profile, 
consisting of a set of weightings defining the relative apportionment Between 
suB-periods, and the difference Between the First Consumption and the Second 
Consumption. 

2 A method according to claim I wherein the First Consumption is the total 
quantity of the commodity supplied into the network during the period minus the 
estimated overall loss from the network. 

3 A method according to claim 1 wherein the First Consumption is an adjusted 
value of the Second Consumption, the adjustment Being dependent on the total 
quantity of the commodity supplied into the network during each suB-period 
(equation 13 or 14). 

4 A method according to either previous claim wherein the profile used is 
derived using a weighted average of the profiles allocated to each of the 
consumers, (equation 4 or 16>. 

5 A method according to claim I wherein the First Consumption is the total 
quantity of the commodity supplied into the network during the period and the 
Second Consumption is the consumption during the period of all consumers 
supplied from the network (eg equation 6). 

6 A method according to either of claims 1 and 5 wherein the amount of 
consumption during the sutx-period is the value of the difference between the 
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First Consumption and the Second Consumption apportioned to the sub-period that 
is in excess of a predetermined level. 

7 A method according to any of. claims 3, 5, and 6 wherein the consumption of 
on or more consumers is adjusted by the amount of consumption during the sub- 
period Cequations 7-12 and 15). 

8 A method of monitoring a network used to supply a commodity to consumers, 
the network having one or more input supply connections and output supply 
connections, referred to herein as consumers, including the metered supply, the 
method comprising: 

using data obtained from metering located at input connections to determine the 
total quantity of the commodity supplied into the network during a period, the 
overall demand; 

using combinations of metering and apportioning consumption using profilingto 
determine the consumption during the period for one or more consumers or 
groups thereof; 

determining the total consumption of one or more consumers during the period 
and subtracting the total consumption from the overall demand; and 

using the aggregate result of the subtraction over an extended period to 
determine the overall error between overall demand and total consumption. 

9 A method according to claim 8 in which the overall error is used as the 
collective consumption of one or more consumers and in which this collective 
consumption is apportioned to sub periods of the extended period using a profile 
consisting of a number of profile weightings define the relative apportionment 
between sub periods. 

10 A method according to claim 8 in which the overall error is apportioned 
between and added to the consumption, during the periods in the extended period, 
of one or more consumers. 

11 A method according to any of claims 8 to 10 in which an adjustment is made 
to the consumption of one or more consumers using an adjustment factor 
determined using the overall demand and the consumption of all consumers. 
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12 A method according to claim II in which the volume error caused by the 
adjustment over an extended period is determined using the consumption and 
adjustment factor. 

13 A method according to claim 12 in which the volume error is apportioned to 
periods and subtracted from the consumption. 

14 Any novel and inventive feature or combination of features specifically 
disclosed herein within the meaning of Article 4H of the International Convention 
(Paris Convention). 
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